Background: Thyroid dysfunction is associated with negative neonatal and obstetric outcomes. Large differences in thyroid function reference intervals exist across different populations. These differences can be explained by population-specific factors, such as iodine status. Many countries in Latin America report iodine sufficiency, but relatively few countries have published up-to-date data on iodine levels and thyroid function in the overall population, and especially in pregnant women. We evaluated the iodine status of pregnant women in Chile and determined thyroid hormone reference ranges in this population. Methods: This was a prospective observational study of healthy Chilean women at their first prenatal visit before week 14. Thyroidstimulating hormone (TSH), total thyroxine (T4), free T4, antithyroid peroxidase antibody (TPOAb), and iodine levels from spot urine samples were measured. Iodine status and the reference ranges for TSH were calculated. Results: A total of 1,022 pregnant women in the first trimester were selected. Urinary iodine levels were measured in 302 randomlyselected women. The median urinary iodine concentration was 173.45 μg/L (interquartile range, 108.11 to 249.35).The reference ranges of TSH were calculated in 670 patients selected according to the National Academy of Clinical Biochemistry guidelines. The median TSH level was 1.88 μIU/mL (2.5th percentile: 0.13 to 97.5th percentile: 5.37). Using the reference range in the 1,022 women, the prevalence of clinical hypothyroidism was 1.76%, and that of subclinical hypothyroidism was 3.92%. TPOAb positivity was more common in women with TSH levels above 3.5 μIU/mL. Conclusion: We found adequate iodine intake and a right-shifted distribution of serum TSH levels in pregnant women in Chile. The prevalence of hypothyroidism in our sample of pregnant women was higher than has been described in the literature.
INTRODUCTION
Currently, universal agreement exists about the relevance of maternal thyroid status; however, difficulties remain in establishing reference ranges for maternal thyroid parameters [1] [2] [3] .
The currently available thyroid-stimulating hormone (TSH)
reference intervals for pregnant women show substantial differences among countries [4] [5] [6] [7] [8] . According to the National Academy of Clinical Biochemistry (NACB) guidelines, the definition of the reference population includes subjects with no prior history of thyroid disease, no history of taking medication that could influence thyroid function, no family history of thyroid disease, negative antithyroid peroxidase antibody (TPOAb) results, and serum free thyroxine (fT4) levels in the reference range [9] . Current American Thyroid Association (ATA) guidelines also suggest that intervals maybe calculated locally, and that normal ranges might be obtained in a population with normal iodine levels [10] [11] [12] . However, iodine status is not considered when defining the reference population. The use of iodized salt is not widespread, and it has been established that TSH levels are directly related to the degree of iodine nutrition of the population [13] ; therefore, when establishing TSH reference levels, it is necessary to know the iodine status of the population.
The World Health Organization (WHO) has requested that countries perform iodine monitoring, but few studies have been conducted among pregnant women [10] [11] [12] . A Chinese study recently reported that women with excessive iodine intake had higher mean TSH and lower fT4 concentrations [14, 15] . In Korea, a recent nationwide survey demonstrated more than adequate iodine intake and a right-shifted distribution of serum TSH levels, also supporting the argument that nutritional iodine status is important for determining serum TSH levels and is associated with a high prevalence of hypothyroidism [16] .
Iodination in Chile started in 1979 with a policy of iodination of culinary salt to control iodine deficiency in the population. The Chilean Universal Salt Iodination Program required each kilogram of salt to be fortified with 100 µg of iodine (100 ppm). In the year 2000, measurements showed a very high level of iodine in school-aged children, which motivated a reduction of iodination to 40 ppm [15, 17] , so it is possible that Chileans were exposed to a period of excessive iodine intake. Iodine nutrition status has not subsequently been assessed in Chile.
We conducted the present study to assess iodine status in pregnant Chilean woman and to estimate the local thyroid hormone reference ranges.
METHODS

Subjects
A total of 1,038 pregnant women with singleton pregnancies attending their first prenatal care visit at three primary health care centers in central Chile were invited to participate in this study between March 2014 and December 2016. The patients were recruited at a primary care clinic in Curicó (including rural and urban low-socioeconomic-status populations), Red de Salud UC-Christus in Santiago (urban middle-socioeconomic-status women), and a primary care clinic in the southeast sector of Santiago (urban low-socioeconomic-status women). We excluded women with multiple gestations; women who presented to their first prenatal visit after week 14; women with a prior history of thyroid dysfunction, diabetes, or the use of medications that can affect thyroid function, such as antidepressants, anticonvulsants, and antipsychotic drugs; and women with a history of thyroid surgery or radioactive iodine treatment.
Protocol
This study was approved (01-179) by the Research Ethics Committee of the School of Medicine of Pontificia Universidad Católica de Chile and by the South Metropolitan Health Services Ethics Committee. All participants provided written informed consent.
Gestational age was determined by the last menstrual period and confirmed by ultrasound examination. When a major discrepancy between these 2 dates was found, the date of gestation was ultimately defined by the ultrasound examination. Each participant completed a standardized clinical questionnaire on demographic and obstetric characteristics, with a special emphasis on the thyroid disease risk factors described by the Endocrine Society and the ATA guidelines [3, 4] .
In all included patients, a morning fasting venous blood sample of 20 mL and a 50-mL isolated spot urine sample to assess urinary iodine (UI) levels were obtained and kept at 4°C. In all included patients, serum concentrations of TSH, total T4, fT4, and TPOAb were centrally analyzed at the Clinical Laboratory Services of Red de Salud UC in Santiago, which has international accreditation (ISO 15189). UI was determined in a subgroup of 302 patients who were representative of the broader sample.
Laboratory measurements
Ultrasensitive TSH, total T4, and fT4 measurements were made by competitive electrochemiluminescent immunoassay (Modular Analytics E 170, Roche, Indianapolis, IN, USA). For TSH, the threshold of detection was 0.005 μIU/mL, and the intra-and inter-assay coefficients of variation were <3.3% in the range of 0.035 to 3.66 mIU/L. For total T4, the analytical sensitivity was 5.4 nmol/L with intra and inter-assay coefficients of variation <4.2% in the range of 65.64 to 231.66 nmol/L. For fT4, the ana-Copyright © 2018 Korean Endocrine Society lytical sensitivity was 0.296 pmol/L with intra-and inter-assay coefficients of variation <3.6% in the range of 14.93 to 25.74 pmol/L. The quantitative determination of TPOAb was performed by a microparticle enzyme immunoassay (AXSYM-ABBOT, Abbott Laboratories, Lake Bluff, IL, USA) with an analytical sensitivity of 1 kIU/L. During the study period, the manufacturer's reference values for non-pregnant women were as follows: TSH 0.3 to 4.2 mIU/L; T4 59.2 to 154.44 nmol/L; fT4 0.8 to 2.0 ng/dL in those <20 years old and 0.93 to 1.7 ng/dL in those >20 years old; and TPOAb <12 kIU/L.
UI was determined by the method of oxide reduction with ammonium persulfate and colorimetric determination at 420 nm at the Clinical Laboratory Services of Red de Salud UC in Santiago, which maintains international cross-lab analyses and transformation factors with central labs in Helsinki [18] .
In pregnant women, we considered iodine intake to be insufficient if UI was <150 μg/L, adequate if UI was between 150 and 249 μg/L, more than adequate if UI was between 250 and 499 μg/L and excess if UI was >500 μg/L [19] .
Definition of the reference population
The reference population was defined according the NACB guidelines as subjects with no prior history of thyroid disease, no history of taking medication that could influence thyroid function, no family history of thyroid disease, negative TPOAb results, and serum fT4 levels in the reference range. The TSH reference range was estimated from the reference population [9] .
Statistical analyses
Normality tests were applied (Kolmogorov-Smirnov test) to quantitative data. Reference ranges for TSH were estimated excluding women that did not meet NACB criteria. We also exclude atypical values of TSH (i.e., observations that fell outside of the quartile 1 to 3 interquartile range). For a better understanding of the results, tables and graphs are presented. We calculated the median TSH level and the 2.5th and 97.5th percentiles. Logistic regression was performed to identify associations between TPOAb positivity and TSH levels.
RESULTS
A total of 1,022 first-trimester pregnant women were ultimately selected to participate in the study (Table 1) . Sixteen women opted not to participate, and after the selection process, 670 patients formed the reference population (Fig. 1) . It was not possible to analyze UI levels in all patients due to financial constraints, so UI levels were measured in a random sample of 302 pregnant women in the first trimester of pregnancy. The participants in whom UI levels were and were not measured were compared by age, body mass index, TSH, and gestational age, and no statistically significant differences were found, except in age, for which median values of 25 years and 27 years were found in the respective populations.
Iodine status
In the patients selected for UI measurements, the median UI concentration was 173.45 μg/L (interquartile range, 108.11 to 249.35). The distribution of UI levels is shown in Fig. 2 .
Concentrations of TSH and prevalence of subclinical and clinical hypothyroidism
In the reference population, the mean TSH level was 1.88 μIU/mL, and the 2.5th and 97.5th percentiles were 0.13 and 5.37 μIU/mL, respectively.
Using our reference ranges, we calculated the prevalence of subclinical and clinical hypothyroidism in the total group of 1,022 pregnant women. The prevalence of subclinical hypothyroidism was 3.92%, and that of clinical hypothyroidism was 1.76%. Fig. 3 presents the prevalence of clinical and subclinical hypothyroidism using other TSH cut-off points.
TPOAb status
TPOAb was present in 10% of our pregnant population, similar to the findings that have been previously reported in the literature. We evaluated the prevalence of positive TPOAb according to TSH levels in all pregnant women. TPOAb positivity was significantly more common in women with TSH levels higher than 3.5 mIU/L, especially in those with TSH levels above 5.0 mIU/L (Fig. 4) . 16 3 . Distribution of thyroid-stimulating hormone (TSH) levels (μIU/mL) in the first trimester of pregnancy in 1,022 women and differences in the prevalence of hypothyroidism using different cutoff points (2.5, 4.2, and 5.36 μIU/mL). 
DISCUSSION
Hypothyroidism was found to be common in first-trimester pregnant women living in Chile, affecting 5.68% of the pregnant women in our sample. The Chilean iodine fortification program has achieved the adequate recommended iodine intake for pregnant women [11, 12] . Most Chileans consume sufficient iodine, but iodine sufficiency and excess iodine intake may coexist in our population [20] , similar to other countries in Latin America, as described by Mioto et al. [21] in Brazil. In any case, since the population of Chile is classified as iodine-sufficient, spot urine samples should not be used for the purposes of individual diagnosis and treatment.
One of the strengths of this study is the determination of reference thyroid parameters, which have not been previously described for this population in our country.
We applied the reference range calculated for TSH in our population and compared it with other cut-off points described in the literature. Our upper cut-off TSH level (97.5th percentile) was 5.37 μIU/mL, which is higher than the normal ranges reported in the literature for other populations [6, [22] [23] [24] . With this level, the calculated prevalence of hypothyroidism in pregnancy was 5.68%, which is higher than has been reported in the literature [25] , but significantly lower than the prevalence that would be obtained if we applied the internationally proposed parameters (Fig. 3) . In fact, we established a pregnancy-specific reference range for our population in this study with the specific goal of avoiding applying the international reference ranges of TSH, as the ATA and other experts have recommended [10, 26] . It has been established that using the reference ranges suggested in the 2011 ATA guidelines leads to an elevated prevalence of high TSH (8% to 28%), because in most studies the upper TSH reference range used was higher than 2.5 or 3.0 mIU/L, whereas studies conducted to establish local reference ranges in iodinereplete areas found upper TSH reference values for first-and second-trimester women ranging from 4.04 to 4.34 mIU/L [26] . Those reference ranges are much closer to the values calculated in our population.
It is possible that some determinants such as ethnic factors, environmental factors, or obesity as a comorbidity in our patients could have influenced the upper TSH reference value that we obtained [8, 27] .
The possibility of thyroid autoimmune phenomena would not account for the findings in our population, since we did not find a higher prevalence of TPOAb than has been described globally [11, 12] .
It has been proposed that the most appropriate "normal" TSH level might be found in the population with the lowest preva- [28] . In our analysis of TPOAb-positive patients, we found that TPOAb positivity was significantly more common in patients with TSH levels above 3.5 μIU/mL and further increased with even higher TSH levels; this fact supports the use of a cut-off level over 3.5 μIU/mL as a reference.
A limitation of our study is that the participants in whom UI was measured showed a statistically significant difference in age from those in whom UI was not measured, despite the fact that they were randomly selected; however, since the difference was very small, we do not believe that this age difference was relevant to our findings for the other variables or that it interfered with our global analysis. Furthermore, we did not measure 24-hour UI levels, but the spot urine technique has been supported by the WHO [19] . As a third limitation, it should be noted that measuring thyroid hormones only in the first trimester does not allow us to infer that our calculated ranges are applicable throughout pregnancy.
Population-wide mandatory iodination must be supported. Precautions must be taken to include the lowest amount of iodine necessary to minimize iodine-deficiency disorders, while simultaneously preventing overexposure. Iodine deficiency and overexposure will always coexist; Gauss curves assure this. To avoid overexposure, the fortification of salt should be decreased, but at the same time, strategies targeting subgroups at the highest risk of deficiency must be introduced.
Nutritional iodine status should considered when establishing TSH reference intervals of populations in iodine-replete areas, in which insufficiency and excessive iodine intake coexist in pregnant women.
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